It is shown that for any distance-regular graph r with c2 = 2, c3 = 3, and a2 = 2a, (a, # 2), there exists a covering 0: H(n, q) + r where q = a, + 2, n = bo/(al + 1). By using this fact, we shall give a characterization of the Hamming scheme H(n, q). These results are a generalization of J. Rifa i Coma's theorem which asserts the same fact for ai = 0. 0 1990 Academic Press, Inc.
INTRODUCTION
In this paper we shall consider distance-regular graphs with the intersection array where * takes an arbitrary value under the restriction that each column sum is k. A H(e, 2, k)-graph is a distance-regular graph the intersection array of which takes the above form. Note that the Hamming graph H(n, q) is a H(e, 2, k)-graph with e = n, ;1= q -2, k = n(q -1).
In [ 111, we have proved the following result about the local structure of a H(3, A, k)-graph. THEOREM 
Let r be a H(3,1, k)-graph (A#O, 2). Then T,(u)nI',(u)
is a clique for every edge uv in IY In this paper we shall prove the following results which are generalizations of J. Rifa i Coma's theorem [ 131.
THEOREM 2. Let r be a H(3, A, k)-graph (A. = 2). Then there exists a covering 8: H(n, q) + r where q = A. + 2, n = k/(A + 1). 160 THEOREM 3. Let r be a H(e, A, k)-graph with A 22 and e> 3. Let 0: H(n, q) + r be a covering where q = ;1+ 2, n = k/(A + 1). Let ug be a vertex in I-and put C = 0 ~ '( uO). Then the code C has the following properties.
(i) C is e-error correcting.
(ii) The covering radius of C is d, where d is the diameter qf IY (iii) C is completelv regular.
In [ 131, J. Rifa i Coma proved the same results for I = 0 and classified all H(e, 0, k)-graphs with diameter d > 3, e z d -1.
In the case e = d, the code C in Theorem 3 is a perfect code in H(n, q). Perfect e-codes have been studied by many authors (e.g., Bannai [ 11, Best [4] , Reuvers [12] , Hong [9, lo] ). It is known that there is no non-trivial perfect e-code for e 3 3, q 2 3 (see [lo] ). So we get the following corollary. Then r is isomorphic to H(n, q) with q = A + 2, n = k/(A + 1).
In the case e = d-1, C is a uniformly packed code studied by Van Tilborg [ 141. Remark 1. Theorem 2 for i = 0 has been obtained by Brouwer [7] . Theorem 2 for A > 0 was conjectured by Bannai [2] . Remark 2. There exists a distance-regular graphs whose intersection array coincides with H(n, q) but is not isomorphic to H(n, q) in the case A = 2 (see [S] ). So the assumption A # 2 in the above theorems is needed. Remark 3. In the proof of the above theorems, except Theorem 3(iii), we shall use only local properties of r, i.e., we do not need the full distance-regularity of r.
Some elementary definitions about distance-regular graphs and codes are given in Section 2. More precise descriptions can be found in [ 11. In the proof of the above theorem, we shall use intersection diagrams of distanceregular graphs. For the definition and elementary properties of intersection diagrams, see [6] . for every vertex u in r. A local isomorphism is a covering if it is surjective. Proof: It can be easily proved by using Lemma 1. 1
In the following, we assume r is a H(3, A, k)-graph, i # 2. Let 0: V-+T be a covering and put C = 8-'(uO) for a fixed vertex zq, E I-. We need the following lemma for the proof of Theorem 3. ) ) be a shortest path connecting a and b. Put ui= @ai) (1 < ids). We have a(%? u,) = e by Lemma 9. We also have a(~,, U, + , ) # e -1 by the same argument as that in the proof of Lemma 9. So we get s > 2e. 1
Proof of (ii). We can easily show (ii) by Lemma 3. i Proof of (iii), Let 0 be the q" x (rl-matrix, indexed by Vx r, the (a, u)-entry (a E V, u E r) of which is given by 1 @a,, = if O(a)=0 () otherwise.
Let Aj and Aj be the ith adjacency matrix of H(n, q) and r, respectively. Then clearly A, 0 = @A, holds. It is well known that the ih adjacency matrix of a distance-regular graph can be expressed as a polynomial of its adjacency matrix (see [3] ). Thus Ai = u,(A,) for some polynomial u,(X). Then we get Aj@ = vi@,)@ = &,(A,).
Here we have is needed. Hence the same arguments will do well for a covering 0: r' + Ibetween any distance-regular graphs I-', r which have the same intersection numbers bi (0 < i < e), c, (0 < i < e). 
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